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SECTION 1. 
CONSTRUCTION COST ESTIMATE BREAKDOWN 
The cost estimates for the two types of geothermal electric generating plants, which are 
the subject of this report, have been prepared using manufacturer's estimates for major 
equipment items rather than definite quotations. These undoubtedly have a margin for 
possible refinements in the final specifications, Other items of the cost estimates 
reflect the recent experience of the Rogers Engineering Co., Inc. It i s  felt that the 
costs can be kept within these figures. In addition, Q standard contingency item has 
been added, as shown, to cover the possibility of more fundamental changes in design, 
escalation, unforeseeables, and the I ike. 
It i s  assumed, in making these estimates, that the major plant equipment would be 
purchased, to minimize overheads, directly by the owners or his engineers rather than 
through the general contractor. 
The breakdown has been arranged to f it the standard system of capital accounts, which 
has been adopted by the Federal Power Commission and most state commissions. This 
would facilitate negotiations with a ut i l i ty i f  this should ever prove desirable. 
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SECTION 2. 
c OPERATING COST ESTIMATE BREAKDOWN 
It i s  difficult to make an accurate forecast of the cost of operation for a plant of this type 
in i t s  proposed location. It w i l l  depend upon the type of men available and their union 
affiliations, if any. Assuming i t  i s  an independent plant operated by a separate corporation, 
d '  the annual requirements might be as follows: h ,  
? ,  < 
Operation 
Superintendent 1 @9,000 
Shift Operators 4 @ 6,000 
Operating Supplies 
Total 
Maintenance 
Labor, parts, tools and supplies 
i 
b 
Total Operation and Maintenance 
Administration 
Grand Total 
0 
$9,000 
24, OOO 
7,000 
$40,000 
30, 000 
$70,000 
20,000 . 
$90, 000 
Administration includes corporation officer's salaries, clerical and bookkeeping help, cost 
of director's meetings, office supplies, cost of working capital and similar items. This 
item is included in the tabulation more as a matter of record than for i t s  absolute value, 
which Rogers Engineering Co., Inc. has no way of knowing accurately. 
1 '  
b 
l i ' ,  
The estimate for the cost of operating labor is thought to be on the outside. If the plant 
were to be owned by a utility, a l l  three items (operation, maintenance, and administration) 
would probably be greatly reduced. The costs would be fused with their own and the plant 
would be made automatic, eliminating nearly al l  the operating labor. 
Even if owned by a separate corporation, part of this gain perhaps could be realized by 
arranging for an operator and a maintenance man to live near-by and have the necessary 
alarms extended into each house for quick response to trouble. The savings in larbor are, 
in such an arrangement,partly offset by the additional cost of the required automation. 
I '  
$ 4  
L 
I 
tcsr 
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SECTION 3. 
HEAT CYCLE DATA FOR A 15,000 KW GEOTHERMAL UNIT 
This table presents, in detail, the data used in and resulting from the heat cycle calculations' 
for the cycles compared in this report. Note that there are two points in common for both 
cycles: the temperature of the well water in the ground, and the net output. All other data 
have been adjusted and made compatible between these two. Where two figures appear for 
certain items of the two flash steam cycle they refer to the two sections of the steam turbine. 
Abbreviations used in this table are as follows: 
OF = degrees Fahrenheit 
#/hr = pounds per hour 
BTU/# = British Thermal Units per pound 
psi 
psia 
In Hg 
M 
MM 
d P  
ft 
9Pm 
#/c.f. 
= Pounds per square inch 
= Pounds per square inch absolute 
= Inches of Mercury 
= One thousand 
= One million 
= Pounds per cubic foot 
= differential pressure 
= feet 
= gallons per minute 
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R O G E R S  ENGINEERING C 0 . p  I N C .  
E N O 1 N E L R S  
CALOULATtON SHEET 
Juri. UL --- ----  
X I /  I 
15,000 KW,GeothermaI Unit 
OHKOXCD et Power DATL Jan. '62 ~ W C C T  NO. 1 
Closed Cycle 
Refrigerant Double Flash 
12 Steam 
Well temperature in ground OF 350 350 
Well water quantity M#/hr 2176 2495 
Enthalpy first separator 321.6 321.6 
Temperature first separator 28 1 28 1 
Pressure first separator psia 50 50 
Flash in first separator M#/hr 168 193.0 
Enthalpy-steam from 1st separator 6TU/# 1174. i 1174.1 
Water from 1st separator M#/hr 2008 2302 
Enthalpy-water from 1st separator BTU/# 250.1 250.1 
Temperature 2nd separator OF c 202 
Pressure - 2nd separator psi0 - 12.0 
Enthalpy of flash - 2nd separator BTU/# .. 
Flash in 2nd separator M#/hr " 188.0 
1146.6 
Water from 2nd separator M#/hr w 21 14 
Enthalpy of water from 2nd Separator BTU/# - 170.0 
Steam to Non-condensables ejector M#/hr .. 9.8 
Power f I u id tvt#br 6100 183,2/188.0 
Temperature Power Fluid OF 265 28 1/202 
Pressure Power Fluid p i a  600 50/12 
Enthalpy Power Fluid BTU/# 100.8 1174.1/1146.6 
Condensing temperature OF 119- 100 101 
Condensing pressure ps io 132 0.98=2 .'I Hg 
143-2 
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R O G E R S  E N G I N E E R I N G  CO.9 I N C .  
E N P l N E E R 8  
OALOU LATI0 N 6 H EET 
M A O I  BY Moore 
OHI8KLD 
SUBJEOT HEAT CYCLE DATA 
15,000 ItW Geothermal Unit 
Closed Cycle 
Refrigerant Double Flash 
Steam 12 
Enthalpy after isoentropic expansion BTU/# 89.3 107O.5/966.0 
He at ava i I ab I e BTU/# 11.5 103.6/152.0 
Turbine only efficiency 
Heat converted to work 
heat converted to work 
% 
* I 90 80.9B3.6 
BTU/# 10.37 84.0/111.8 
MMBTU/hr 63.3 56.9 
Turbine shaft power - Gross KW 18575 
Power at generator terminals KW 16096 
Enthalpy exhaust BTU/# 90.43 
Exhaust flow M#/hr 6100 
Auxiliary Power 
Condensate flow M#/hr 6100 
Evaporator pressure psia 600 
Condenser pressure psia 132 
d P  Psi 468 
Add for friction & controls Psi 76 
Fluid horsepower HP 3064 
Power for b, f. Pump from shaft KW 2280 
16700 
15800 
1006 
371.2 
r 
I 
9 
9 
R O G E R S  ENGINEERING C 0 . v  I N C .  
E N Q l N E E R 8  
GALGULATIO N 8 H EET 
SUEJEWr HEAT CYCLE DATA WADE BY Moore 
Closed Cycle 
Refrigerant Double Flash 
12 Steam 
Circulating water flow gpm 52500 34500 
Motor input to N.C. Gas Pump KW - 20 
Motor input to Water Pumps KW 496 478 
Motor input to Fans KW 320 282 
Motor input to Condensate Pump KW 280 - 
Total auxiliary power KW 1096 800 
Gross generation KW 16096 15800 
Heat to Condenser 
Heat input to turbine MMBTU/hr 614.9 
Heat removed by turbine MMBTU/hr 63.3 
Heat left in exhaust MMBTU/hr ' 551.6 
Enthalpy of exhaust BTU/# 90.43 
Enthalpy of condensate BTU/# 31.1 
59.3 
36 1 
15000 
430.3 
56.9 
373 4 
- 1006 
69 
937 
346 
MADE BY Moore DATE Jan,'62 
CNLUKID arPower DATE Jan. '62 
8UEdEOT HEAT CYCLE DATA 
35,000 KW Geothermal Unit 
Joe NO. 
SHEET NO. 4 
RC1GERS E N G I N E E R I N G  CO.9 I N C .  
E b I Q l N E E R S  
CALCULATION SHEET 
Closed Cycle 
Refrigerant 
12 
Double Flash 
Steam 
130.5 Enthalpy-flash tank water discard BTU/# 
Temperature-flash tank water discard OF 
1 70 
202 162 
Work/# we1 I water (net) 
Weight well water per net Kwhr. 
< 
23.6 20.5 
166.2 #/kw-hr. 145.0 
Y' 
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SECTION 4. 
PROPOSED WELL TEST PROGRAM 
A. 
B. 
Purpose 
The purpose of this test program i s  to investigate, test, and verify the quantify 
and quality of geothermal energy available from existing wells in  the Mammoth 
area for the proposed 15,000 kilowatt power station, to investigate the potential 
of the geothermal field for additional development, and to establish the most 
satisfactory method, or combination of methods, for well effluent disposal. 
Summarv 
All proven geothermal fields used for electric power production are associated with 
a volcanic heat source, a long term water supply for hot water and/or steam 
production, and a subsurface formation to trap the heat. 
Wells drilled into the geothermal fields near Mammoth, California, have been 
flow-tested for about two weeks. Geological and physical observations 
substantiate the existence of a heat source, consisting of high temperature water. 
Analyses of the water show large amounts of alkali chloride, calcium bicarbonate, 
carbonic acid, boron, fluoride, arsenic, and silica. If allowed to flash and 
produce steam and water, these wells have a tendency to become plvgged with 
calcium carbonate (calcite). The subsurfwe formation and long term water supply 
source have not yet been completely defined. 
*Use of this energy source for power production wi l l  require additional information, 
Data needed include: well production rates, longevity indication relative to rate 
of flow restriction by "calciting", analyses for chemical components in the water, 
thermodynamic properties of the hot welt water, and analyses for noncondensable 
gases in the flashed steam. Evaluation of &ch data is necessary for: (1) predictions 
of cost and maintenance necessary to obtain a steady energy output, (2) specifications 
of material and size of plant components, and (3) design of effluent water disposal 
faci I i ties. 
During the limited flow tests used to prove the wells, the water produced was disposed 
of in the adjacent stream (Mammoth Creek). The resulting change in steam turbidity 
was noted and several water samples analyzed. Various government and pub1 ic 
agencies expressed concern over these conditions to the Lahontan Regional Water 
Pollution Control Board. The Board then made known by resolution, the water 
temperature, turbidity and total mineral content which would be acceptable for 
addition to Mammoth Creek. In order to re-initiate well tests, various means of 
handling effluent water, during the tests, were discussed with the Board engineer in 
December. A plan, shown on Plate 4, appeared acceptable for the proposed test 
program, and was submitted in January 1962, Board action i s  s t i l l  pending. 
A4- 1 
C . Recommendations 
In view of the known and unknown limitations which may be imposed on effluent 
water disposal into Mammoth Creek, it appears desirable to proceed with the 
test program which proposes water re-injection into the producing formation. 
Successful re-injection and development of underground circulation should not 
require Board approval. 
Proof of this method of water disposal would allow obtaining the data required 
to establish well production longevity (described in Phase 2). 
Should re-injection be unsuccessful, a procedure developed as a result of Pollution 
Board action (similar to Phase lC), should be used to obtain the necessary data. 
In al l  of these tests trained personnel must supervise the field operations. 
D. Detailed Description of Proposed Test Phases 
This program is  designed to obtain the additional data required to confirm the 
existing we1 Is' continuous energy production capability, to determine criteria for 
power plant components specification and effluent water disposal facilities design. 
Phase 1. 
Tests on Wells 1 through 4, would consist of recording well head pressures, 
temperatures, and flows. The fl,ow test equipment would be that utilized ot other 
well sites, modified and augmented for this program; to enable measuring the s tem 
flow, composition, temperature, pressure, and quality. In addition, the hot water 
would be separated, i t s  flow measured, and i ts  chemical content determined. This 
phase i s  further described depending on the method of water disposal as follows: 
Phase 1A. Test flow of either well, No. 1 and/or 2 with re-injection of water into 
Well No. 3. 
Phase 1B. Test flow of Well No. 4 with re-injection of water into Well No. 3. 
Phase 1C. Test flow of Well No. 4 with water disposal via cooling ponds and 
recording 'weir into Mammoth Creek. 
The well effluent water entering Mammoth Creek should be cooled and aerated. 
Water flow through at least six long channels separated by one foot high wooden 
baffles i s  planned. Cement compacted earth would be used at the turning corners 
and flow channels to prevent s i l t  pickup. A weir of standard design wi l l  allow 
check of water flow, and alvng with water analysis be used to monitor the chemical 
quantities as requested by the Los Angeles Department of Water and Power. 
A key plan of the area i s  attached as Plate 4. 
A4-2 
, 
Phase 2. 
This phase would include a follow-up of Phase 1 with well tests extended over a 
6-8 week period. Production decline, as caused by bore plugging (calciting), 
would be recorded. The cleanout schedule required for continuity of energy 
production would be developed, or the effectiveness of deposit prevention by 
chemical treatment would be determined. 
Phase 3. 
. This phase i s  dependent on the results of the init ial tests, and is  further described 
as follows: 
3A. 
and/or heat flow profiles to enable satisfactory development of the heat energy 
required for the proposed 15 MW power plant. 
This study would include assembling geological data, exploratory well data 
36. This study would include photogeological, geological, geochemical and 
hydrothermal surveys of the adjacent areas in order to estubl ish a reasonably 
accurate measurement of heat flow possibilities for large scale power development. 
Final work would require some exploratory well drill ing and assembly of a detailed 
formal report. This type of program would depend on the growth of a large power 
demand in this isolated area and would not appear warranted at this time. No 
estimate has been made of costs for Phase 3A or 36. 
E. Estimated Field Work Schedule and Cost 
The estimates presented here have been developed to give the order of magnitude of 
the work and cost required for the program described in Phase 1 . Continuity of the 
test program through the various sections in Phase 1 was assumed. By assigning a 
dollar value to the field labor, total estimated field costs can be obtained. 
Engineering supervision to obtain and analyze data, und report on the test program 
i s  not included. .However, it i s  essential that qualified personnel be assigned to 
follow the test program and this cost must be considered. 
Phase 1A. Test flow Well 1 or 2, re-injection to Well 3. Schedule: material 
delivery 2 weeks, field construction 2-3 weeks requiring approximately 200 manhours. 
Materials, analyses, equipment rentals and minimum design engineering, cost 
estimate - $2,000. 
Phase 16. Follow-up above work, test flow Well 4, re-injection to Well 3. 
Schedule: Lead time 2 days, field construction 2 weeks requiring approximately 
240 manhours. Materials, analyses and equipment rentals, cost estimate - $1,000. 
A4-3 
L 
Phase 1C. 
cooling ponds into Mammoth Creek. Schedule: material delivery and field 
construction 3-4 weeks, requiring approximately 600 manhours. Materials, 
analyses and engineering design, cost estimate - $3,000. 
Additional revisions, to test flow Well 4, with water disposal via 
F. Equipment Modification for Test Program 
The bulk of the test equipment for measuring flashed steam and reparoted hot water 
i s  available. The modifications and new additions for the proposed test program 
are shown in Plates 4 and 5, attached. New material required has been cost 
estimated, and the detailed listing, including probable supplier i s  available on 
request. In addition, a field procedure manual and well log sheet are available 
to obtain and log the required data. 
c 
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SECTION 5. 
f j  
DISCUSSION OF CHEMICAL MEANS FOR MINIMIZING OR REMOVING 
CARBONATE DEPOSITS IN GEOTHERMAL WELlS 
A, Introduction 
iy' 
Commercial use of geothermal heat energy requires physical development of wells 
drilled into dry steam or hot water producing formations. Dry steam wells require 
l i t t le further maintenance to realize steady energy flow. In certain hot water 
we1 Is subsurface carbonate deposits can be expected, requiring scheduled 
maintenance to insure usable energy flow. A review of available information has 
been made to compare methods of maintaining steady high rate energy output from 
these types of wells by chemical means. Cost estimates have been prepared for 
u 
L tive treatment and deposit 
ussion i s  general and provide background data on the problem. 
Additional studies should be made before specific recommendations are made. 
B. Conclusions 
1. Deposit formation rate i s  diff icult to predict. Amount of deposit that can be 
tolerated before cleaning i s  required i s  a function of well flow, casing size, 
pressure drop allowable, and physical characteristics of deposit formation 
and water calcium content, Scaling appears in that section of the casing 
where flashing occurs. Using.the existingwells at the Mammoth area as a 
i 
I 1  
h 
. base, a ton of material might accumulate before cleaning i s  required. 
Deposits in hot water wells should be minimized by use of known scale 
prevention chemicals such as sodium tripolyphosphate 
2. 
um hexametaphosphate Li- 
lj 
L 
L 
3. Removal of existing de ibited hydrochloric 
acid. The cost i s  high and it may take a long time. It appears that dri l l ing 
out deposits would be less costly, take less time and assure removal. 
Prevention of deposits using chemicals at the rates used in water treatment 
applications, i f  successful, appears less costly than acid dissolving or dri l l ing 
out of existing deposits. Preliminary estimates, using wells at Mammoth area 
as a base, indicate chemical prevention cost of approximately $100/wel I/month, 
acid dissolving cost of upwards of $1,000 per cleanout, and drilling out cost of 
$500 to $700 per cleanout. 
4. 
cal prevention of deposits 
or seeding of wells for deposit pre 
Costs of these alternatives should be less than acid dissolving or dri l l ing out of 
existing deposits. 
ot successful, air injection, water injection 
i d o r  control should be considered. 
L 
7 1  A5-1 
ii 
C General Recommendations 
r :  
A test program should be initiated using chemical treatment for deposit prevention 
in the Mammoth wells. This  program would determine the efficiency and effectiveness 
of chemicals in the dosages used for developing cost estimates, This program should 
run concurrently with well production tests. 
It i s  recommended that well cleanouts by drilling, or acid dissolving be controlled 
by trained personnel to establish cost data, obtain samples for analysis and estimate 
deposit volume. 
u D, General Discussion 
1 . Introduction: 
Donald E. White) U.S. Geological Survey; Gunner Bovarsson, State Elec. 
Auth., Reykjavik, Iceland: and examination of geothermal water analyses 
reported by these and other authors: 
(a) 
(b) 
The following summarizes material abstracted from articles by 
I High temperature geothermal areas are caused by magmatic heat. 
. Dry steam areas occur where a heat source i s  fed by a limited water 
supply. The dry steam non-condensable gases are usually acidic; 
and i f  the steam i s  saturated, condensate of low chloride content 
i s  normal. 
Based on chemical and isotopic analysis, the steam or hot water in 
geothermal systems originates largely from a surface water source. . 
Wet steam or hot water areas are characterized by water high in alkali 
chloride content. The subsurface structure accounting for this condition 
envisions heat from the deep hot magma vaporizing alkali chlorides. 
These high temperature vapors condense in an upper circulating water 
zone, and the hot water reacts further with the rock minerals and 
becomes saturated with calcium, boron and silica. 
k 
I; 
n 
Ei 
I; 
(c) 
(d) 
Ip’ 
These conclusions seem to be agreed upon by most authorities. 
2. Formation of Well and Spring Deposits: Release of undiluted geothermal hot 
water accompanied by reduction in either pressure or temperature w i l l  result 
in subsurface or surface spring deposits. From geothermal high alkali chloride 
content water systems, two major chemic I types are possible: 
(a) 
i; 
L A basic silicate may be expected due to temperature effect if the undiluted hot water contains more than 350 ppm Si02 (silica). This 
type i s  not expected at Mammoth. 
A5-2 
I; 
G 
L 
li 
3. 
(b) A basic carbonate may be expected due to pressure effect (C02 release) 
if the undiluted hot water contains calcium above a few ppm. 
Basic Carbonate Deposits: 
result of a shift in the chemical equilibrium in the calcium-bicarbnate-carbonate 
system due to a loss of C02, as follows: 
Calcium carbonate deposits usually occur as the 
Calcium Bicarbonate - Calcium Carbonate + Water t CO 
(soluble) (Insoluble) (gas7 
(Calcite) 
Since this reaction i s  reversible, the closing in of a calcited well can be of 
some diagnostic value. With the well closed off the calcite deposit wi l l  
slow!y redissolve, When the well i s  re-opened, the testflow may approach 
original rates. Examination of known calcited we1 Is  reveals that deposits 
occur in an area termed the "flash zone". Apparently in this zone of 
steam formation with temperature and pressure reduction, the greatest 
change in C 0 2  release also occurs. As a result, this i s  where calcium 
super-saturates and grows on the surface exposed at this point in the we1 I . 
Prevention of calcite deposit requires modification of the flash zone by 
physical or chemical means. The following are suggested for further studies: 
(a) Chemical treatment with sodium hexametaphosphate or sodium 
tripolyphosphate to sequester the calcium and delay scaling. 
Injection of air into the well to lengthen the flash zone and possibly 
bring i t  to the well surface. This would be workable only with a 
closed cycle power turbine and separate hot water heat exchangers. 
Pumping a small flow of well head water back down to a deep well. 
iet to obtain l i ft and prevent development of the flash zone until the 
water reaches the surface. 
Injection of a sludge of fine-sized calcite particles into the well as 
crystal seeds. The calcite would be expected to grow gn these fine 
seeds and come out of the well by velocity lift. 
Keeping the casing surface clean using ultrasonic vibrations. 
(b) 
(c) 
(d) 
(e) 
/ 
445-3 
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E. Cost Estimates for Chemical Deposit Prevention and Removal 
Rough estimates of chemical costs for prevention and removal of well deposits 
follow: Costs include freight to Mammoth. Chemical supplier i s  shown in 
parentheses. 
(a) Prevention Treatment (well Flow 400 M Ib/hr) 
(1) Sodium Tripolyphosphate @ 2 ppm $120/wel I/month 
(Moberg, Los Ange les) 
(2) Sodium Tripolyphosphate @ 2 ppm $60/weI I/month 
(Maas Chemical - Stauffer, Los Angeles) 
(b) Removal (2000 pounds Calcite) 
(1) Sulfamic Acid, 4600 Ib $1 IOO/cleanout 
(Braun, Knetch & Heiman) with 
odiqe 10 Iphi it 
(her ican  kaint 'g &ei?ckb, Niles) 
(2) Oakite 32, 58 Carboys 
(Oakite, San Francisco) 
\ 
\ 
i, M - 4  
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SECTION 6. 
CONSTRUCTION SCHEDULES 
This section presents expected time schedules for the Promotion, Design, Construction 
and Testing of the two types of geothermal power plants which are the subject of this 
report. In developing the charts, manufacturer's estimates on delivery of their 
equipment has been fully considered. The time shown between init ial start-up and 
firm power output might be materially reduced if no start-up troubles developed, but 
past experience indicates that final checking and adjustments of controls, relays and 
instruments i s  a rather indeterminate item. 
engineering. 
Note that zero time i s  at the start of 
,
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